Silicon photonics is a relatively recent research field 1-4 that aims to substitute electrons with photons as the carriers of information in devices such as planar lightwave circuits. The technology marries the device electronic performance of traditional semiconductor materials with the speed and bandwidth offered by light. Although in the linear regime a silicon photonic circuit can efficiently guide, modulate, and detect IR light, in the nonlinear (i.e., ultrafast, ultrahigh capacity) regime the situation is more complex. In particular, nonlinear second-order optical phenomena (e.g., the electro-optic effect) are needed to generate, convert, and modulate light at the desired speeds inside complex networks of silicon wires.
Figure 1. Simulated second-order nonlinear optical susceptibility-.2/ -for weakly strained silicon (Si) (black), medium-strained Si (yellow), and heavily strained Si (red). The hierarchy of the increasing strain in the Si models is indicated quantitatively by the values of pressure (HY) and shear stress (SS) as reported in the legend.¯w: Energy of the pump photons.
density-functional theory. 8 We broke the bulk silicon centrosymmetry by moving the silicon atoms in the lattice, that is, by modifying their bond lengths and angles. Finally, we obtained silicon models that enable us to calculate the second-order optical responses as a function of the induced strain (see Figure 1) . The results of our simulations show that .2/ is nonzero whenever the unit cell is inhomogeneously strained. In fact, as Figure 1 shows, the more distortion in the lattice, the greater the value of .2/ : the best situation we observed is when the stress is biaxial and the resulting strain has an inversion in sign across the structure. In other words, the amount of .2/ is expected to be maximum, and thus the devices would work in the nonlinear regime at lower power. Figure 2 illustrates the successful fabrication of high-quality strained silicon waveguides, where the stress field is generated by suitable deposition of silicon nitride (Si 3 N 4 ) or SiN x overlayers. We obtained the bidimensional distribution of the stressstrain field over the waveguide facet through micro-Raman backscattering measurements, where the amount of Raman peak shift of a 514nm laser line was unambiguously related to the external stress field imposed on the waveguides. Significant amounts of stress field were registered, allowing us to investigate the second-order nonlinear optical properties of the devices using optical transmission measurements (see Figure 3, top) .
At the output of the samples, we observed a secondharmonic optical field that was clearly due to non-phasematched quadratic wavelength conversion. As a consequence, the overall conversion efficiency was very low. Moreover, the generated second-harmonic amplitude was attenuated by twophoton absorption. Since, in this case, the second-harmonic signal is an oscillating function of the propagation distance, the estimated value of the nonlinear coefficient .2/ D 40pm/V is based on a worst-case efficiency scenario. The conversion efficiency could potentially be boosted through quasi-phase matching 9 by periodically modulating the stress (and thus the nonlinear coefficient) or by resorting to phase-velocity matching between a fundamental mode and a high-order one carrying the second harmonic signal.
In summary, we have described the first observation of bulk second-order nonlinearity in silicon. This development could open many interesting possibilities in the field of single-pumpbeam nonlinear optical down-conversion of near-IR light toward the mid-or far-IR spectral regions. Demonstration of these devices is still missing an essential 'ingredient': a suitable phase-matching mechanism that could boost by many orders of magnitude the efficiency of light conversion from the pump to the parametrically generated signal (i.e., one of two beams of different energies). The natural extension of this work will be for us to demonstrate optical parametric generation of mid-IR light beams starting from a near-IR pump propagating inside the strained-silicon waveguide. 
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